Two experiments Ivere conducted to investigate the relationships between work and intake and digestion of food by draught OXe1l given millet stol'er. In the first experimellt, intake of millet stover, water ill take, live Iveight, plasnla concentrlltions of triiodotllyronine, tllyroxille and urea-nitrogen u'ere measured ill 18 animals that Ivorked 0, 2 or 4 h/day in sequence during three 3-week experimental periods. Digestibility and rate of passage of food residues through the digestive tract were measured in a second experilllent on 1lanimals working either 0,2.5 or 5 h/day in sequence during three 2-week experimental periods. Feeding behaviour was monitored on six ammals working either 0, 2.5 or 5 h/day. Work did not affect intake of millet stover, apparent digestibilities and the rate of passage of digesta through the gastro-intestinal tract. This suggests that the nutrient supply from intake of roughages by working oxell is ul1likely to be sufficiellt to compe1lsate for the extra ellergy expended during u'ork. Food ill take Ivas affected by the quality of tIle nlillet stover offered. The level of intake of millet stover u'as proportional to the amount of leaves in the stover. Food intake increased also as work progressed. However, allimals mobilized their body reserves to perform work. Animals consumed more water on working days than on days they were at-rest ill shade. The heat stress that u'orking animals (l't?re subjt?ctt?d to did not appt?ar to intt?rfere Ivith their digt?sti,'t? ftmction.
Introduction
Ideally, draught oxen must consume sufficient food before and during the cropping season so they can start work with a reasonable live weight and perform work. However the scarcity and poor quality of foods available before and during the early part of the cropping season in semi-arid areas often limit their nutrient intake. Food intake can be influenced positively or negatively by work through direct or indirect mechanisms. Direct effects of work on food intake occur through physiological changes resulting from exercise. Muscular activity induces a higher metabolic rate in working animals as compared with animals at-rest (Preston and Leng, 1987) . This leads One indirect effect of work on intake stems from the reduced time animals have access to foOd. Limited time available to eat and ruminate is a major constraint to increased food intake in working 217 Table 1 Chemical composition of millet stover and concentrate flJl)d given durillg experimellts 1 alld 2 (e.tcept for dry matter alld gross energy, t'alues are expressed as g/kg OM) .
ruminants (Pearson and feeding also affects food (1991) reported reduced gi\"en roughages beforE'
animals gi\"en food after \Ii ConcentratMillet stover :xperiment Work also has the potential to affect digestibility of foods by oxen directly and indirectly through changes in a range of factors including increases in body temperature, food particle residence time in the gastro-intestinal tract and effectiveness of mastication on particle breakdown (Weston, 1985) . Positive effects of work on food digestibility may stem from the enhancement of microbial fermentation though greater mixing of rumen contents due to exercise (Matthew man and Dijkman, 1993) and higher but moderate body temperatures resulting from work. Detrimental effects of work on food digestibility may result from the shift of blood flo"' from the gut to muscles and peripheral tissues, reduction in meal frequencies (Matthew man and Dijkman, 1993) , and the less thorough mastication of food because of limited time to ruminate (Pearson and Smith, 1994) . There is need for a clear understanding of the relation between work and digestive physiology for the feeding management of draught oxen to be improved. This study investigated the relationships between food intake and the efficiency of utilization of foods and work performance. 
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Experimental design. A Latin-square cross-over design with repeated measures was adopted for this experiment. Treatment consisted of the number of hours worked per day: 0, 2 and 4 h/ day pulling a loaded sledge along a flat circuit or performing common field operations (cultivation): Oxen were allotted according to their initial body weight in three groups with average weights of 245, 273, and 390 kg for groups 1, 2 and 3, respectively. Oxen in groups 1, 2 and 3 were allotted to squares 1, 2 and 3, respectively so that each square was formed with animals of similar live weight. Rows of each square were formed by ox teams whereas columns represented experimental periods. The experiment lasted 9 weeks, which was divided into three 3-week periods. Treatments were applied in sequence to teams during experimental periods. During each period, three teams were idle, three teams were working 2 h/ day and three teams were working 4 h/day. Each team worked 3 days/week. Teams working for 4 h/ day worked 2 h in the morning and 2 h in the afternoon.
Material and methods Oxen were trained to pull common farm implements and 55-kg metal sledges. They were given chopped millet stover ad libitum except during the working periods. Millet stover was supplemented with a concentrate mix made up (g/kg) of wheat bran (600), groundnut cake (300) and bone meal (100) at a rate of 21.3 g/kg Mo75 per day (Table 1 ). The concentrate was offered when animals returned from work in the morning at about II.OOh. Millet stover was given when oxen finished eating the concentrate, and at
Measurements. Work output, distance travelled and elapsed working time were continuously measured using an ergometer (Lawrence and Pearson, 1985) . Weekly blood samples were taken for the determination of plasma urea-N (PUN), thyroxine (T.j) and triiodothyronine (T3). Body weight was measured every week. Food offered and refusals Lawrence, 1992 Yi/klm = ~ + Si + T(S)(iij + P(S)(iij+A, + Wm + WX Pmk
Experimental design. A Latin-square crossover design was used. Twelve oxen were assigned to the three treatment groups, two teams in each group. The rows of the squares represented individual oxen, whereas columns were experimental periods. The experiment lasted 10 weeks divided into five 2-week periods. Observations were repeated every week in periods 1, 3 and 5. No treatment was applied during periods 2 and 4 to dissipate carry-over effects from previous periods. Each square included oxen of similar live weight. Treatments were applied in sequence during experimental periods so that during each period four oxen were idle, four oxen were working 2.5 hi day and four oxen were working 5 hi day.
where: Y = dependent variable (food intake, water intake, M change, plasma thyroid hormones concentration, urea-nitrogen concentration); ~ = overall mean; Si = effect of ith square, i = 1, 2, 3; T(S)lilj = effect of the jth team nested within ith square, j = 1,2,3; P(S)rilk = effect of the kth experimental period nested within ith square, k = 1,2,3; All) = effect of the Ith work level, 1 = '1: 0 hi day, 1 = 2: 2 hi day and 1 = 3: 4 hi day; W", = effect of the mth week, m = 1, 2, 3; W X P mk = interaction between the mth week and the kth period; W X Ami = interaction between the mth week and the Ith work level; W X T(S)(iljm = interaction behveen the mth week and the jth team in the ith square; Ei)klm = effect peculiar to the jth team in the ith square subjected to the Ith level of work in mth week of the kth period.
Measurements. Sampling, measurements and laboratory analyses were as in experiment 1 with the following amendments and additions. The term T(S)(ilj was used as the error term to test the effect of work. The sums of squares for treatment and week were further partitioned into single degrees of freedom using polynomial contrasts (i.e. AJ. Weekly live-weight changes were estimated by regression analysis and were further subjected to analysis of variance using generalized linear models (Statistical Analysis Systems Institute (SAS), 1985).
Work: an ergometer was used only during the preparation phase of this experiment, to measure work performed, distance travelled and elapsed working time for different known work loads. A regression analysis of force on work load was derived and used to determine the load required for each team so that the draught force exerted was equivalent to proportionately 0.10 of the team live weight The time taken to travel around the circuit was measured with a stop watch.
water intake, M change, plasma thyroid hormones and PUN concentrations included as main factors: square, ox nested within square, experimental period nested within sq4are, treatment (number of hours worked), week and the interactions between these terms. Sources of variation for the analysis of apparent digestibility coefficients were: square, ox nested within square, period nested within square and treatment.
Intake and apparent digestibility of food: each day a sample of millet stover was taken before chopping the stover. At the end of each week the daily millet stover samples were pooled and plant parts were separated and weighed to determine proportion of leaves in the stover.
Orthogonal linear and quadratic polynomials were used to test the effect of treatment. A regression analysis of dry matter intake (OMI) and dry-matter apparent digestibility (OMO) on the proportion of leaf in the stover was performed. Sources of variation for the analysis of time spent eating and ruminating, were treatment, oxen within treatment and time of observation.
Three digestibility trials were conducted, one in each 2-week period. Total faecal collection was carried out for 7-day periods using faecal bags harnessed to oxen throughout the collection period. The faecal bags were emptied regularly and the faeces weighed and placed into a bucket, stored in a cool place. At the end of each day, faeces were mixed and a sample (proportionately 0.05) was taken and frozen. At the end of each 7-day collection period, daily samples were thawed, mixed and a subsample (1 kg) was taken and oven dried at 55°C.
Rate of passage of food: sixty grams of chromium-mordanted fibre were given on day 7 of the first and the second periods (Mathers et ai., 1989) . On that dav food was withdrawn from 14.00 until 23.00 h \\'hen the markers were given. Faecal samples were collected at regular intervals as follows : 9, 11, 13, 15, 17, 19, 21, 24, 33, 37, 39, 41, 43, 47, 57, 61, 65, 71, 81, BS, 89, 95, 105, 109, 113, 119, 129, 137, 153, 161, 177 Feeding behaviour: six oxen, two oxen in each treatment group, were selected for the observation of feeding behaviour during the first period of the experiment. The behaviour of each animal was monitored during a 3-h observation period every 5 min. Two or three 3-h observation sessions were carried out each day. At the end of the 4th day, the combination of the 3-h observation periods yielded a 24-h composite behaviour pattern of the animals. This scheme was applied three times consecutively. During each 5-min observation period each of the six animals was observed. The time spent doing a particular activity (eating, ruminating, standing, lying) was estimated as the product of the number of times this acti\'itv was observed and the interval between observations (5 min).
Statistical analysis. Data were analysed using SAS GLM procedures (SAS, 1985) . The statistical model used to analyse daily intake of millet stover, daily
There were no significant differences due to work in water consumption expressed in l/day, l/kg M, l/kg (Table 2) . In this experiment, oxen at-rest were tethered in the sun while other teams were working. Body-weight change was significantly affected by work (P < 0.05; Table 2 ).
OM! (g/kg MG-75) = 52.5 (s.e. 4.44) + 20.8 (s.e. 7.65) X PLS (P < 0.01; R2 = 0.28). 
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Experiment 2 There was a significant linear increase in PUN concentration as work level increased (P < 0.05; Table  3 ). The effects of week and the interaction between work level and week were also significant (P < 0.001). Increases of PUN over weeks were greatest as work level increased.
Plasma T 4 concentration decreased as work level increased (Table 4 ). There was a significant linear decrease (P < 0.01) in plasma T3 concentrations as work load increased and over weeks (P < 0.001). Intake of millet stover was not significantly influenced by work. Table 3 shows mean DMI, water intake and live weight over 2-week experimental periods for oxen working 0, 2.5 and 5 h/day. The relationship between intake and the proportion of leaf in the stover (PLS) is described by the following regression equations that show an improvement in food intake as the proportion of leaves increased:
DMI (g/kg M) = 12.8 (s.e.1.Q9) + 5.4 (s.e.1.18) X PLS (P < 0.01; R2 = 0.30) There was a significant increase in water intake as work level increased (Table 3) . Work caused live-weight losses whereas oxen at-rest were able to maintain their body weight (Table 3) There was no significant effect of work on the apparent digestibility of OM, OM, AOF, NDF, hemicellulose (HEM) and GE. Table 4 shows coefficients of apparent digestibility for different work loads. Increases in the proportion of leaves in the food offered improved apparent digestibility coeffficients as illustrated by the regression of apparent digestibility coefficients on PLS given in the following equations:
The estimated values for the two rate constants (kv k2), the calculated time of first appearance of marker in faeces (n) and the mean retention time (MRT) are shown in Table 4 for Cr-fibre. The rate constants k1 and k2 refer to the proportion of matter leaving the rumen and the large intestine, respectively. Their reciprocals represent the retention time in each pool (Grovum and Williams, 1973) . Work did not significantly influence IT, k1 and k2. However, the quadratic effect of work on MRT was significant (P < 0.05). Work did not significantly affect time spent eating and ruminating or eating and rumination rates (Table 4) . was the decrease in plasma T 3 and T~. Decreases in plasma T3 and T4 concentrations as a response to heat stress were reported by Pearson and Archibald (1990) and EI-Nouty and Hassan (1983) . During experiment 2, unlike experiment 1, oxen at-rest were not exposed to solar radiation and ambient temperatures were lower. Differences in heat stress between working and non-working oxen were great enough to induce significant differences in plasma concentrations of T 3 and T ~ between the groups.
Most results show little difference in intake in working animals compared with animals at-rest (reviewed by Pearson and Dijkman, 1994) . The absence of an effect of work on food intake when time of access to food was standardized, as in this study, was reported by Pearson and Lawrence (1992) and Pearson and Smith (1994) in cattle and by Bamualim and Ffoulkes (1988) and Bakrie et al. (1988) in buffaloes.
The effect of work on food intake may result from the work stress and/or from the food restriction during hours animals work (Pearson and Smith, 1994) . In the present study oxen at-rest and working oxen had equal time available to eat. It was assumed that oxen at-rest had more opportunities to ruminate than working oxen because oxen rarely ruminate when they work. Since food intake was not significantly different between working and non-working oxen during both experiments, then the limited time available to ruminate may not have been a significant inhibitor of food intake in working oxen in these experiments. Results in experiment 2 showed the time spent eating and ruminating was similar whether animals worked 0, 2.5 or 5 h/day. Clearly, a S-h period of food deprivation, with or without work, was not long enough to disrupt food intake or feeding behaviour. Similarly, Pearson and Smith (1994) found no effect of food restriction for 4 h, with or without work on intake of straw diets by cattle and buffalo.
The higher heat load of working oxen during experiment 2 relative to oxen at rest did not translate into significant changes in food intake and digestibility. Christopherson and Kennedy (1983) suggest that extremes of heat or cold are needed before marked differences in digestibility are seen. It is also probable that animals used in these experiments, being born in the area, were well adapted to high ambient temperatures.
Although little quantitative information is available, it is generally assumed that oxen need to consume more water during working days as compared with non-working days, particularly under hot conditions to compensate for water lost through evaporative cooling processes (sweating and panting). During experiment 1, both working and non-\\'orking oxen consumed similar amounts of water. Water consumption during working periods included water intake during days animals were not working. This may have masked any short-term effect work would have on water consumption. However since plasma thyroid hormone concentrations were also similar in working and non-working periods, the implication is that the extent of heat stress in animals at-rest and in those working were similar in this experiment and water requirements may therefore have been similar also. In experiment 2, the higher heat load of working oxen, as compared with oxen at-rest, suggested by differences in thyroid hormone concentrations, would have accounted for the working oxen consuming significantly more water than non-working oxen.
In experiment 2 food intake was significantly affected by the proportion of leaves in the stover and therefore by the quality of the diet. These observations suggest that a strategy to improve intake of these poor quality diets such as millet stover would be to increase the amount offered to the working animal, thus allowing greater selection of the more digestible components, to compensate for the extra energy used for work.
The concept of additivity of hunger and satiety signals described by Forbes (1995) could at least partly explain the absence of difference or decrease in intake in working animals as compared with animals at-rest. When working animals are given high roughage diets the negative signals generated from stretch receptors in the rumen activated by the distension caused by the high cell wall content of the diet could offset the intake stimulating signals induced in tissues as a result of the depletion of energy substrates due to work. However, Faverdin et al., (1995) suggest that the negative feedback loop where post-ingestive signals depress the motivation to eat is acceptable to describe the short-term feeding patterns of ruminants. They suggested that the long-term regulation of food intake is of significance During experiment 1, DMI of millet stover increased as the experiment progressed. A similar pattern of intake in working oxen was observed by Pearson and Lawrence (1992) . They reported increased food intake over time and suggested that animals were adapting to the food during the experiment. In the present study this adaptation did not enable oxen to eat more than those at-rest or those working lightly, since the overall food intake during the 3-week experimental periods were similar for all work treatments during experiment 1. Similarly, during experiment 2, work did not have a significant effect on intake of millet stover.
in animal production and that this is driven by the energy requirements and the body reserves of the animal. The increase of food intake over time seen in this study supports the concept of the long-term regulation of food intake. Increases in food intake were also reported by Zerbini et Ill. (1995) in draught cows working intermittently over a long period of time (90 days). The long-term increased energy requirements for lactation and work may have caused increases in food intake in these cows. during working periods oxen were catabolizing amino acids to supply energy-yielding substrates for work.
Conclusions
Although the rate of passage of undigested food residues tended to increase with light work, oxen given low quality crop residues could neither increase their food intake nor use food more efficiently to compensate for the extra energy used for work. Therefore they mobilized their body reserves to supply energy to working muscles. Hence weight loss is a constant feature in working oxen relying on roughages for energy intake. Oxen could maintain their weight during resting periods when they were given sufficient millet stover so that they could select leaves which were more nutritious. Heat stress on oxen did not interfere with their digestive physiology. The implications of these results for the formulation of feeding strategies for draught oxen in semi-arid areas include the following considerations. First, since work and heat stress did not influence intake and digestibility of foods, it may be relevant to predict food intake of these animals using models developed for other classes of cattle. Secondly, ways to increase intake of roughages in semi-arid areas must be sought. Treatments of crop residues and the supplementation of these roughages with highly digestible forages supplying rumen degradable and rumen undegradable nutrients must be considered. Where crop residues are abundant, oxen should be given excess residues to increase their food intake. Finally, since oxen cannot increase their nutrient intake during work when given crop residues and therefore use their body reserves to perform work, the effect of body condition on work output should be investigated.
In this study, OM apparent digestibility and the apparent digestibility of food fractions were not significantly affected by work. These results agree with those reported by several others (see Pearson and Oijkman, 1994) . In the present study, a significant improvement in food apparent digestibility was observed as the proportion of leaves in the millet stover increased and therefore as the quality of the diet improved. Hence differences in diet quality may well have contributed to the different responses in apparent digestibility of food seen in working oxen.
Rate-constants kj and k2 representing the rate of passage of digesta through the rumen and the lower tract, respectively, were not affected by work. This agrees with results reported by Zerbini et al. (1995) who did not find significant differences in passage rate of Cr-mordanted hay between working and non-working cows. However, MRT of solid particles in the digestive tract was less for oxen working 2.5 hi day than for animals at-rest or working 5 hi day. This suggests that light exercise may have caused more rapid rate of passage of foods in the digestive tract.
During experiment 1, oxen at-rest were able to gain weight whereas oxen working 2 hlday maintained their M. During experiment 2, oxen at rest maintained their weight while oxen working 2.5 or 5 h day lost weight. The energy intake from millet stover and concentrate (21.3 g DM per kg ~75 during experiment 2) was sufficient to allow weight gains in oxen at-rest. During experiment 2, the level of concentrate offered was lower (10 g DM per kg
.75), but the animals had opportunities to select more leaves from the millet stover which was given in excess (O.SO) of appetite. During experiment 1, energy requirements for work could be met by intake when animals worked 2 hi day, ensuring the maintenance of weight in these animals. The weight losses seen in oxen working 4 hi day during experiment 1 and in animals work.ing 2.5 or 5 hi day during experiment 2 illustrated that energy requirements could not be met from intake alone. In both experiments there was a linear increase in PUN as the work level increased. This su~~ested that
